
Purchasedby the USDA ForestServicefor official use

Stand Density Affects
Growth of Choctawhatchee
Sand Pine

Kenneth W. Outcalt, SoutheasternForestExperimentStation,
Gainesville,FL 32611.

ABSTRACT.Choctawhatcheesandpine
(Pinus clausavar. imnluginata D. B.
Ward) wasgrownfor 20yearsat densities
of 400, 600, and 800 treesper acre.
Growing Choctawhatchecsandpineat 400
trees per acre resultedin significantly
larger trees,butlesswoodwasproducedper
acre than at higher densities.The ideal
density dependson the managementobiec-
tives, butfor rotationsof20—25yearsand
chip harvestingsystems,a densityof 600
trees is recommended.For rotations of
30—35years with conventionalbolt and

log harvests,400 to 500 treesper acre
seemsbetter.
South.].AppI. For. 10:128—31,Aug. 1986.

Scatteredthroughout the South-
easternCoastal Plain of the
United Statesare thousandsof
acresof acid sands.Thesemarine
deposits from the Pleistocene
epoch are an importantphysio-
graphic feature of central and
northwestFlorida, andthey oc-

cupy significantareasof Georgia,
SouthCarolina,andNorth Caro-
lina in the transitionzonebetween
the UpperCoastalPlain andthe
Piedmont(BurnsandHebh1972).
Theseareasrepresenta signifi-
cant—and largely underutilized
—acreageavailablefor productive
forestry.

Researchhas shownthat Choc-
tawhatcheesandpine is the best
choice for thesesandhill sites
(Brendemuehl1981), except in
central Florida wherethe native
Ocalasand pine (P. clausa var.
clausa D. B. Ward) does better
(Outcalt 1983). Basedon this in-
formation, the sandhills of the
Southeastare increasinglybeing
plantedto Choctawhatcheesand
pine.

Due to sortingactionduringde-
position, sandhill soils are ~arge(y
quartzsands,rangingfrom a few
feet to morethan20 ft deep.Or-
ganic matter content is low be-
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causethe climate promotesrapid
decomposition.Becauseof the low
levels of organic matter and clay
colloids, sandhillssoils are typi-
cally acid, infertile, and droughty
(Burns and Hebb 1972).The pro-
ductivepotential of suchsitessug-
geststhat they will not economi-
cally support very densestands.
Optimum density,however,is not
known.The objectiveof thisstudy
was to determine the effect of
density on the productivity of
Choctawhatcheesandpine on a
typical sandhillssite.

METHODS

The study is on the ChipolaEx-
perimental Forest in Calhoun
County, Florida. The soil is a
droughty, deepsandof the Lake-
land series(thermic,coated,Typic
Quartzipsamment).During the
summer of 1963, the vegetation
[mainly scrub oak (Quercusspp.)
with wiregrass (Aristida spp.)} on
the 20-acrestudysitewaschopped
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using an 11-ton Marden duplex
brushcutter. In January1964, 1-0
Choctawhatcheesandpine seed-
lings weremachineplanted about
3 ft apart in rows spaced4 ft
apart.

Four blocks, each containing
Five 1-acre treatmentplots, were
establishedin a randomizedblock
design. A 0.25-acreinterior plot
was establishedin eachtreatment
plot for data collection. Within
each block, the plots were ran-
domly assigneddensities of 400,
600, or 800 trees per acre. Each
block containstwo plots with den-
sitiesof 600 and800 treeswith the
intention to thin oneof the pair to
200and oneto 400 treesper acre
at age25. In the earlysummerof
1967 (plantation age3), all plots
were thinned to their prescribed
densities.This was accomplished
by mechanically removing every
other row and hand thinning
within rows. The configuration
that resultedwas rows 8 ft apart

~—~400 trees/ocr.
—600 trees/ocr.

600 ~re.s/acre
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Figure1. Averagediameterof20-year-oldChoctawhatcheesandpinegrownat 400, 600,
and800 treesperacre.

with treesspacedat about 7, 9,
and 14 ft for the 800, 600, and
400treeperacredensities,respec-
tively.

RESULTS AND DISCUSSION

Most of the mortality in Choc-
tawhatcheesandpine occurs the
first yearafter planting,with very
little thereafter.Becauseof this
and the way the study was estab-
lished (with a high planting den-
sity and plots thinned to the de-
sired densitiesat age 3) survival
hasbeennearly 100 percent.The
limited mortality has beendueto
bark beetle attacksand not sup-
pression.Thus, thesesandhill sites
arecapableof carrying at least800
trees per acrewithout high nat-
ural thinning lossesfrom suppres-
sion. Even at much higher den-
sities lossesto mortality should be
low. Rockwoodand others (1980)
reported survival of greaterthan
80 percentthrough age 17 years
for densitiesin excessof 3000
treesper acre.Therefore,virtually
all of the woodthat would be pro-
duced in standsat 800 trees per
acreor lessshouldbe availablefor
harvestat a rotation ageof 20—25
years.

As expected,an inverserela-
tionship exists betweendensity
and diametergrowth (Figure 1).
This difference has beenespe-
cially pronouncedsincecrownclo-
sure occurred at about age 10
years. After 20 years, trees
planted at 600 per acre had
averagediameterssignificantly
largerthanthosegrown at 800 per
acre (Table 1). Figure 1 indicates
that although there is still some
small difference in diameter
growth rate between these two
densities,therelativedifferencein
averagediameterswill not change
much from now to rotation age.
The difference in diameter
growth rates between 400 trees
peracreand600 peracrehas,and
continuesto be, much more pro-
nounced,which will causethe dif-
ferencein averagediameterto in-
creasethrough rotation age.
Therefore, although growing
Choctawhatcheesandpine at 600
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Table 1. Diameter, height, and volume of Choctawhatchee sand pine by density
class at 20 years of age.

Total stem Merchantable
1

Density Diameter Height volume volume

(trees/ac) (in.) (ft) (ft’/ac) (ft’/ac)
400 6.85a2 47.8a 2330a 2275a
600 5.94b 47.9a 2800b 2695b
800 5.48c 44.8b 2740b 2575ab

1 Stem volume outside bark from groundline to a 3.in. dob top. [Volumesare based on equations by
McNab et al. tin press.)]
2 Values within a column not followed by the same letter are significantly different at the 0.05 level.

ratherthan 800 treesper acrewill
causestatisticallylargerdiameters,
it is not likely to havemuch prac-
tical effect on averageproductsize
at harvesttime, but growing them
at 400 per acrewill.

For the first 15 years of stand
development,height growth was
relatively independentof density.
Betweenages15 and20, however,
height growth hasbeenslowedon
the 800per acreplotsdue to com-
petition, resulting in significantly
shortertreesthan thosegrown at
the other two densities.Trees on
the 400 and 600 per acre plots

continuedto gain in height at the
samerate, and no significantdif-
ferencesin averagetree height
were detected(Table 1). Domi-
nant treesare of equal height on
all plots,but thereare moretrees
in the lower crown classeson the
800 per acre plots. Therefore,
growing Choctawhatcheesand
pine at densitiesof 800 trees per
acreor greaterwill result in some
loss in total heightgrowth.

Total net volume production
after 20 years was lower on the
400 treeperacreplots thanon the
600 or 800 per acreplots (Table

Figure 2. Volumeproductionto 3-in. dob l~ Choctawhatcheesandpinegrown at d~fferent
densities.

1). The 800 treeperacreplots de-
dined in productivity between 15
and20 years relativeto the other
densitiesand the previous5-year
period (Figure 2). Therefore,800
trees per acre is too dense.
Growing Choctawhatcheesand
pine at 600 trees per acre pro-
ducesjust as muchwood at age20
and, becauseof the difference in
presentproductivity, would pro-
duce more with longer rotations.
The ranking is not as clear for
conventional merchantable
volume to a 3-in, top, but some-
thing around600 treesper acre
appearsto maximize merchant-
able volume production. How-
ever, becauseof the greaterdiam-
eter growth rate of the treeson
the 400 treesper acreplots, they
may be nearly as productive by
age 35 y. This rotation age and
density is best suited to the pro-
duction of small sawlog material
rather than pulpwood. Unfortu-
natelyvery little marketexists for
suchmaterialat thepresenttime.

The ideal density for growing
Choctawhatcheesand pine de-
pendson managementobjectives.
If plannedrotations are 20 to 25
years,the 600 tree per acre den-
sity would be more productive
than lesserdensities.If expected
rotation agesare 30 to 35 years,
however, densitiesranging from
400 to 600 trees per acre should
be about equally productive.The
likely harvestmethod also affects
the choiceof density.At 400 trees
per acre there are fewer and
larger treesto harvest. If a con-
ventional shortwoodharvestis an-
ticipated, larger treeswould be a
definite advantage.If thetreesare
to be harvestedmechanicallyand
chippedon site, the predominant
systemof the future, tree size is
less of a factor, and the greater
volume produced by the denser
plantings would be more impor-
tant—especially for short rota-
tions. Basedon the results of this
study,expectedrotation lengthsof
20 to 25 yearsandthe growinguse
of mechanicalharvesting,thebest
strategyfor pulpwood production
is to managefor 600 Choctaw-
hatcheesandpine per acresur-
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viving after the first growing
season. El
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